We suggest a complementary indicator of the blood pressure -heart rate feedback 23 regulation based on their synchronization pattern assessed by Hilbert transform. We receiving β-blocker treatment [10] as well as in patients with life-threatening 86 arrhythmias [11] , see also [12] . BRS impairment has been also reported as an early 87 indicator of autonomic dysfunction and autonomic failure [13] . In earlier studies, BRS 88 has been shown to exhibit significant changes under exercise as well as postural and 89 other physical stresses [14] [15] [16] [17] , while more recent data indicate that these effects are 90 temporary and after a certain adaptation period the baroreflex exhibits a resetting 91 around new absolute blood pressure and pulse interval values [18] [19] [20] . However, 92 successful baroreflex resetting has notable exceptions with one such observed recently 93 in diabetes patients with certain complications, particularly with obesity who exhibited 94 significant baroreflex impairment [21] .
95
Of note, BRS estimation from either functional test data or spontaneous blood 96 pressure -heart rate oscillation dynamics requires beat-to-beat measurements of blood 97 pressure. When they are not available, a powerful alternative that is competitive in 98 general cardiac prognosis accuracy is provided by the method known as the phase-99 rectified signal averaging (PRSA) that quantifies the ability of heart rate to either 100 accelerate or decelerate, with the latter being more important for the prognosis, as it is 101 essential for damping critical blood pressure elevations [22] . Simply, physical 102 interpretation of the PRSA acceleration/deceleration capacity indices is similar to BRS, 103 although the BRS is normalized to the 'input' blood pressure, while PRSA is not.
104
While the BRS quantifies explicitly the response of the heart rate to the changes 105 in blood pressure, it does not contain any information whether there was such a 106 response to every significant variation of blood pressure. Time-domain methods 107 simply disregard time intervals without significant changes of heart rate irrelevant to 108 the fact whether there were blood pressure variations, while spectral methods provide 109 characteristics that are averaged over a given frequency band within the entire analysis 110 window. Thus neither of them can guarantee that all blood pressure variations were 111 adequately responded. However, a timely response to the changes in blood pressure is 112 essential for homeostasis, since missing or delayed responses lead to the increased 113 blood pressure variability. In contrast, there is recent evidence that baroreflex 114 activation therapy using implantable devices that stimulates carotid baroreceptors 115 significantly improved the blood pressure control efficacy [23] . Accordingly, 116 additionally to the measurement of the BRS, it is also important to quantify its 117 activation in response to blood pressure variations.
118
In this paper, we suggest a complementary indicator of the blood pressure -heart 119 rate feedback regulation based on their synchronization patterns. We analyzed the 120 synchronous behaviour in both normal subjects and patients with various autonomic 121 regulation dysfunctions under stationary conditions as well as during stress testing.
122
Based on our analysis, we next found time fragments where the standard deviation of 123 the differential instantaneous phases of pulse intervals and blood pressure are below a 124 certain threshold, indicating that they obey synchronous behaviour. In contrast to the 125 sequence method that is based on the linear regression analysis and requires significant for Sync calculation available as S1 File.
222
Since the sequence of pulse intervals is non-equidistant due to its inherent 223 variability, we next use the cubic interpolation and resampling with the desired 224 sampling frequency, 5 Hz in our case. To estimate the mutual synchronization behaviour of the two processes 250 quantitatively we used the method based on the comparison of their phases [35, 36] .
251
Instantaneous phase values were determined by Hilbert transform which is widely 252 used in mathematics, physics and signal analysis. For the overall estimation algorithm 253 design, see Fig. 1 .
254
The Hilbert transform produces complex function   
258
The resulting complex function is known as the complex analytical signal 
264
The real and imaginary parts of the analytical signal allow to determine the 265 envelope S(t) as the absolute value of the analytic signal that characterizes the laws 266 governing its amplitude modulation, and the phase (t) as the argument of the 267 analytical signal that characterizes the laws governing its angular modulation.
268
Accordingly
270
Of note, the signal phase has a clear physical interpretation only in the case of 271 harmonic or narrowband oscillations, while the above formalism is not restricted to 272 these assumptions and thus allows us to calculate phase values for arbitrary data 273 sequences.Next we determine the differences between the phases Φ PI -Φ SBP . patients and the broader patient group with moderate autonomic disorders (see Fig. 5 ).
433
Statistical characteristics of the estimated distribution parameters for all studied 434 quantities (mean, standard deviation, median and interquartile range) obtained for the 435 entire tilt test records for all studied groups are summarized in the Table A1 in Table A1 in the   527 Appendix.
528
The synchronization coefficient Sync is significantly higher and BRS is significantly analog of the total time this power has been applied. In these terms the BRS*Sync 599 product would be analogous to the amount of work that has been performed by the 600 regulatory system to compensate the blood pressure variations.
601
The fact that both BRS and Sync are essential for appropriate short-term blood 602 pressure regulation is strongly supported by their negative significant correlations with 603 blood pressure variability. These correlations are most pronounced in orthostatic 604 position when both timely activation and efficacy of the baroreflex feedback is 605 essential for the short-term blood pressure regulation. It is therefore not surprising that 
